INTRODUCTION
Systemic sclerosis (Ssc) is an autoimmune disease that is characterized by cutaneous and also by interstitial fibrosis that ultimately drives to organ impairment. Two main disease subtypes are described: a limited disease subtype that does not associate extended internal organ fibrosis and a diffuse subtype that is usually associated with a negative prognosis and extended fibrotic changes. The exact mechanisms that explain these fibrotic changes are not completely understood but there is evidence that the immune system plays a key role. Fibrosis seems to be associated with previous vascular changes and endothelial dysfunction. One can conclude that Ssc has a complex physiopathology where autoimmunity associates profound vascular changes and also drives chaotic and apparently uncontrolled collagen synthesis.
T cells (especially T helper cells) seem to be strongly associated with Ssc pathogenesis. There are now identified more than just two T helper (Th) cells subsets as they were firstly defined. Among these relatively new identified Th subsets, Th17 cells seem to play an important and central role in autoimmunity, hence their role was also extensively evaluated in Ssc patients.
Th17 cells were named after the main cytokine they secrete, IL-17A (IL-17). Th17 cells also secrete IL-9, IL-17F, IL-21, IL-22, IL-26 and CCL20 [1] . Th17 cells seem to play a pivotal role between innate and adaptative immune responses, inducing expression of proinflammatory signals that attract and activate neutrophils mainly. Its main cytokine, IL-17A, is secreted as a dimer, either IL-17A-IL-17A homodimer or IL-17A-IL-17F heterodimer. IL-17A and IL-17F share more than 50% similarities within structure although they bind with different affinity to IL-17 receptors on their target cells [2] .
Th17-IL-17 axis was proved to be involved in the pathogenesis of multiple autoimmune diseases like systemic and cutaneous lupus erythematosus [3] , psoriasis [4] ), Still disease [5] , inflammatory bowel diseases [6] ), rheumatoid arthritis [7] , ankylosing spondylitis [8] . In addition there is more and more evidence that therapies that are directed against Th17 main cytokine, IL-17A, are effective and also safe to be used in ankylosing spondylitis and is also the first biologic non-anti-TNFα that has been approved for treating this disease [9] .
There are still debates to establish the exact role of Th17-IL-17 axis in Ssc physiopathology. Active efforts of in vitro and in vivo research are made to establish the implications of Th17 in Ssc pathogenesis. These debates arise also from the conflicting results reported in the literature. Nevertheless these conflicting results could be explained by the different study design and also by the high heterogeneity of this disease. This review aims to critically summarize the existing literature and data regarding Th17 and IL-17 in systemic sclerosis.
SEARCH STRATEGY
PubMed database was searched from inception until 9
th June 2017 using a search strategy presented in Table 1 . Two independent reviewers reviewed abstracts and decided what articles to be included in the analysis. In order to be included in the review the paper should have had systemic sclerosis patient group/subgroup and subsequent analysis of either IL-17 or Th17 cell population. Review papers were excluded from the analysis and also papers referring to other autoimmune diseases and IL-17/Th17 axis. After excluding all irrelevant papers, 29 included articles were read full text and data was extracted. Most papers retrieved were case control studies and only one study prospectively studied IL-17 and Th17 related cytokines. 
DISCUSSION

Circulatory IL-17 levels in Ssc patients
IL-17 was firstly identified to be involved in Ssc pathogenesis even before Th17 cell subset was described. Using a case-control study design, Kurasawa et al. [10] found on a relatively small Ssc patient group higher IL-17 serum levels compared to controls. In addition, early Ssc patients had higher IL-17 expression. They also described IL-17 + cells in Ssc skin lesions and IL-17 expression from bronchoalveloar fluid lavage of patients with pulmonary fibrosis. They demonstrated that in vitro IL-17 could overstimulate Ssc patients derived fibroblasts and also healthy controls derived fibroblasts. Nevertheless they did not find increased collagen synthesis from fibroblasts stimulated with IL-17.
It was not until Th17 cells were discovered few years later that studies focused more on associations between Ssc clinical characteristics and IL-17 expression. There are studies that found higher IL-17 serum levels in Ssc patients compared to controls and also that higher modified Rodnan scores (score that evaluates the extent of cutaneous fibrosis) associated with higher circulatory IL-17 levels [11] . However, when a larger cohort comprising 444 Ssc patients was analyzed [12] , serum IL-17 levels were lower compared to healthy controls even after adjustment for potential confusing factors (age and disease duration). Also it was firstly concluded in Ssc patients that IL-17 and also other cytokines have specific dynamics with disease duration. Those conflicting results in the literature could come from different sample sizes (it is known that Ssc is a rare disease and in order to have more patients in the analysis one should focus upon having a multicenter study). Also there could be differences arising from controls being used, study design (cross sectional approaches versus prospective approaches) and also from the fact that there Ssc patients were analyzed from different stages of evolution. Principal component analysis performed by Higgs et al. also showed that IL-17 and IL-17 associated gene pathway with Ssc phenotype [13] . Studies on pediatric localized scleroderma also showed increased serum IL-17A levels and also an association with early and more active disease severity [14] . Other rather small studies showed lower or no difference of IL-17A and IL-23 levels between Ssc patients and controls but higher IL-21 levels. Also IL-17A seems to be associated with pulmonary dysfunction [15] and also with a more active disease course [16] .
IL-17 and Th17 cells in rodent models of Ssc
When it comes to Th17-IL-17 axis, there are some notable differences between human studies and in vivo studies from rodent models. In rodent models (bleomycine induced fibrosis), IL-17A was proved to be indispensable for cutaneous and pulmonary fibrosis [17] , but not all in vitro studies (please see below) replicated these findings. The effects of IL-17A associated murine fibrosis seem to be driven by IL-21 and IL-21R as secreting IL-21 Th17 cell count is higher in bleomycin induced murine models compared to controls. IL-21 mediated fibrosis is most probably performed in a positive feedback manner. IL-21 promotes murine Th17 differentiation. As such, Th17 secretes IL-17A and IL-21 that will promote more Th17 development, maturation and fibrosis [18] . Moreover IL-17A and Th17 related cytokines correlated with murine pulmonary and cutaneous fibrosis and IL-21 associated with murine circulating Th17 cells stimulating in vitro Th17 proliferation and development [19] . Differences with in vitro models could be explained by the well-known species variations and also by different in vivo and in vitro responses.
Flow cytometry findings regarding Th17 in Ssc patients
The next logical step in the analysis of Th17-IL-17 axis was to perform flow-cytometry studies assessing Th17 cell distribution and expression in Ssc patients. Radstake et al. [20] found that Ssc patients had more activated T cells compared to healthy controls and that circulatory Th17 were more frequent in Ssc patients. Also they found that there is a high expression of IL-17A, IFN-γ and TGF-β in limited Ssc patients, but also different expression patterns in early and late diffuse Ssc patients, with IFN-γ expression lowering alongside with disease duration of diffuse Ssc supporting also inhibition of Th1 signals. These data suggest that within Ssc patients there is a distinct immune dysregulation and that disease subsets can be also distinguished by these particular patterns.
Fenoglio et al. [21] , Papp et al. [22] and Truchetet et al. [23] found a higher number of circulating Th17 cells (that express CCR6) in Ssc patients compared to healthy controls. In addition they demonstrated that in Ssc patients there is a skew in the immune response towards Th17 driven inflammation rather than a Th1 response. Also T regulator (Treg) population was also evaluated and they found that they were less compared to healthy controls and that they had less suppressive action. There was also found a direct correlation between up-regulation of Th17 responses and decrease in Treg action. These data suggest that the imbalance between Th17 and T regs by promotion of the first and inhibition of the latter could be the pathogenic mechanism triggering autoimmunity in Ssc patients. Also Ssc patients have an increased number of memory T cells compared to healthy controls [22] . Th17 alongside with Th22 have pulmonary and cutaneous homing [23] . Larger Ssc group flow cytometry studies (135 Ssc patients) confirmed these findings [24] , but also described in late Ssc patients an increase in Th2 cells in addition to Th17. As for circulating T reg cells there were no differences from healthy controls. Also lack of correlation between elevated circulating Th17 cells and IL-17A serum levels was also noticed [25] most probably due to the fact that IL-17 is mainly expressed locally. Circulating Th17 cells were significantly higher in diffuse Ssc patients compared to limited patients and also higher in early disease compared to late stages of Ssc.
All these studies outline a profound imbalance between Th17 and Tregs in Ssc patients with Th17 activation. [25] . It is therefore suggested that at least some Treg cells, under particular signals could "switch" towards Th17 phenotype [26] . Interestingly, specific treatment for localized scleroderma (polymerized collagen injections in the lesion site) partially reverse Th17/T reg ratio, restoring the balance and inhibiting proinflammatory cytokines [27] .
Pathogenesis of IL-17 and Th17 in Ssc lesions
Nakashima et al. [28] provided the first insight regarding implications of Th17 and IL-17 in Ssc. They found that circulating IL-17A but not IL-17F levels were higher compared to healthy controls. Also IL-17A mRNA from Ssc lesional skin was higher compared to healthy skin. However IL-17F mRNA in Ssc skin was undetectable. Ssc patients seem to have a Th17 immunologic response skewed towards IL-17A rather than IL-17F. IL-17F + cells were lower in Ssc skin compared to healthy controls and no coexpression of IL-17A and IL-17F was found [29] . Surprisingly, IL-17A seems to have antifibrotic effects by decreasing collagen synthesis as proved by Nakashima et al. [28] . The authors also proposed a mechanism for IL-17A action in fibrotic skin. The main player in collagen synthesis is TGF-β. At the same time, TGF-β via Smad-3 inhibits IL-17R expression on fibroblast, thus inhibiting IL-17A signaling. The authors sustain that higher circulating IL-17A levels are due to a negative feedback mechanism, secondary to decrease/desensitization of IL-17R [28] . These findings are also supported by further in vitro studies that showed that IL-17A decreased collagen synthesis, but promoted matrix metalloproteinase 1 and IL-8 synthesis by the fibroblast from Ssc derived lesions [30] . IL-17A promotes its action by binding to IL-17R. IL-17R is a heterodimer being comprised of IL-17RA and IL-17RC. Activation of IL-17R determines further activation of intracellular AKT kinase, NF-kβ, c-JUN/JNK and ERK1/2. In addition Th17 cells promote similar answers and signal transduction pathways via IL-17A and TNF-α when they interact with Ssc fibroblasts in vitro [30] . It is not clear whether MMP-1 and IL-8 display a direct fibrotic effect, but it is clear that fibroblasts can escape from Th17 action by decreasing their receptivity to their signals (mainly IL-17A).
IL-17A positive cells are more frequent in Ssc lesional skin compared to normal skin. Interestingly, among IL-17+ lymphocytes there are also IL-17 + mastocytes in the dermis from Ssc lesional skin [23] . Th17 cells and positive IL-17 cells were inversely associated with fibrosis skin score (modified Rodnan skin score) stressing upon the antifibrotic effect of IL-17A in Ssc patients and in counterbalance with TGF-β.
Nevertheless IL-17A has effect, at least in vitro, upon another important pathogenic feature of Ssc-vascular dysfunction through microangiopathy. Vascular thickening (through collagen deposition in small arterial and arterioles wall) and endothelial dysfunction is characteristic for Ssc patients [31] . IL-17A exhibits a complex effect upon vascular smooth muscle cells derived from Ssc lesional skin. Firstly, IL-17A determines proliferation of these cells. In addition, IL-17A activates vascular smooth muscle cells via ERK 1/2 pathway determining increased collagen synthesis. Interestingly, IL-17A also determines migration of dermal vascular smooth cells, mechanism that is usually characteristic of atherosclerosis lesions [32] . IL-17A also modifies endothelial cell phenotype, inducing in vitro upregulation of adhesion molecules like chemokine (C-Cmotif) ligand 20 (CCL-20), intercellular adhesion molecule 1 (ICAM-1), chemokine (C-X-C motif) receptor 4 (CXCR-4) and vascular cell adhesion molecule 1 (VCAM-1) via ERK 1/2 pathway and thus promoting both recruitment and migration of leukocytes through the endothelial wall [33] . Therefore, IL-17A seems to preferentially use ERK1/2 pathway in dermal fibroblasts, vascular smooth cells and endothelial cells suggesting a common pathogenic effect through this particular signaling pathway, but studies are warranted in order to fully elucidate the complex signaling pathways used by IL-17A through IL-17R upon effector cells in Ssc patients.
Yang et al. [34] provided interesting insights by adding prospective follow-up of Th17 cells in Ssc patients. Patients that had advanced Ssc had less lymphocytes in the lesioned skin compared to the skin from early Ssc patients. Also the number of Th17 cells and T regs decreased alongside with disease duration. Th17 circulating number was higher in active and stable disease. Under immunosuppressive treatment the number of Th17 cells decreased. They also showed in vitro that IL-17A and Th17 cells promote fibroblast proliferation and collagen production contrary to findings of Nakashima et al. and Brembilla et al. [28, 30] .
Similar with findings in rodents Th17 cells seem to contribute to disease progression (and fibrosis) via IL-21 and IL-21R through indirect Th2 signals (at least in the early stages of disease). Th2 signals appear markedly upregulated in the later stages of disease. Moreover, Ssc skin (mainly in epidermis) have higher expression for receptors of interleukins secreted by Th17 (IL-17RA, IL-21RA and IL-22RA) being thus more susceptible to Th17 actions. Interestingly, IL-22 and IL-22R were inversely correlated to TGF-β and it is speculated that IL-22 could play a protective role against fibrosis in Ssc patients. Also, IL-22 and IL-22RA mRNA positively correlate with modified Rodnan skin scores [35] .
Another important aspect to discuss is the implication of Th17 cells in pulmonary manifestations of Ssc patients. Although there were no differences 202 reported between Th17 cell count from bronchoalveolar fluid between patients with and without pulmonary fibrosis [36] , IL-17A was higher in exhaled breath concentrate from diffuse Ssc patients when compared to healthy controls and limited Ssc patients. Also IL-17A from the exhaled breath concentrate inversely correlated with DLCO values [37] . Molecular profiling of lung tissue using microarray mRNA expression studies proved that pulmonary hypertensive derived fibroblasts had higher expression for IL-17, IL-6 and IL-8 expressed genes [38] . Ssc patients that were positive for anti-topoisomerase I antibodies had higher Th17 circulating cell count and lower Th1 circulating cell count compared to Ssc patients negative for anti-topoisomerase I antibodies. Ssc patients positive for anti-topoisomerase I antibodies also associate more frequently interstitial lung disease [39] . These data combined with insights from murine models suggest an implication of Th17 in pulmonary manifestations of Ssc. However, the exact role of Th17 in Ssc pathogenesis is not clear. To date a direct action of Th17 promoting fibrosis has not yet been proven in Ssc patients. It seems that fine tuning of secreted cytokines alongside with Th17/Treg balance and influence upon other T cells with receptor sensitivity modulation could be the key for fibrosis regulation in Ssc patients. Activation of ERK1/2 pathway in effector cells via Th17 secreted cytokines seems to promote proliferation and activation of these cells.
CONCLUSIONS
There is an obvious interest and proof about Th17 implication in Ssc but there are still some questions that are not answered. It is not yet clear if Th17 have a direct profibrotic action. Also the fine tuning between Treg/Th17/Th1/Th2 and maybe other Th subsets is not well described in Ssc patients yet. We have some promising data that suggest inhibition of Treg and Th1 signals on the one hand and promotion of Th17 and Th2 signals on the other. This fine tuning could also be a marker for Ssc course and this interesting aspect needs to be further studied. Studies that include prospective and integrated analysis of Treg, Th17, Th1, Th2 (cells and derived cytokines) on the same cohort of Ssc patients are warranted.
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